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ABSTRACT
An e le c tro d ia ly tic  and s tru c tu ra l study  of th e  th iou rea  com plexes 
of iridium  and rhodium  w as m ade. The com plexes had b een  sep ara ted  
on a  c a tio n  exchange re s in  colum n by Berg and S enn , who thought th e  
iridium  com plex w as an ion ic  and th e  rhodium com plex w as c a tio n ic .
H ence , in  an  e le c tro d ia ly tic  c e ll  equipped w ith  ion  exchange mem­
branes , th e  iridium  com plex w as expec ted  to  m igrate in to  th e  anode 
com partm ent and th e  rhodium com plex in to  th e  cathode  com partm ent, 
resu ltin g  in  an  im proved method of sep ara tin g  th e s e  m etals on the  
p repara tive  s c a le .  The stru c tu re  of th e  com plexes w as s tud ied  in  
order to  understand  the  m eta l-th io u rea  rea c tio n .
M igration  s tu d ie s  in  th e  e le c tro d ia ly s is  c e l l  and adso rp tion  
c h a ra c te r is tic s  on an ion ic  and ca tio n ic  re s in s  show ed th a t th iou rea  
forms an equilibrium  m ixture of a n io n ic , c a tio n ic , and n eu tra l com ­
p lexes w ith  iridium  and rhodium h e x a c h lo rid e s . E lec trod ia ly tic  se p a ra ­
tio n  of th e  two m etals w as incom plete  even  upon carefu l ad justm en t of 
th e  m etal to  th io u rea  ra tio . In fra -red  sp ec tra  of c ry s ta llin e  com plexes 
prepared by le b e d e n s k ii 's  m ethods in d ica ted  m etal to  su lfu r bonding in  
th e  com plexes. The th iou rea  reac ted  a s  a neu tra l m olecu le , ra ther th an  
a s  an a c id . It w as a lso  found th a t th e  neu tra l com plexes reported by 
L ebedensk ii are  po lym eriza tion  isom ers of th e  tru e  neu tra l c o m p lex e s , 
A naly tical p rocedures w ere needed  to  check  the  ex ten t of se p a ra ­
tio n s . An effort w as  made to  com bine th e  tin(II) bromide spectrophotom etric
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m ethods of Berman and Iro n sid e  for rhodium  and of Berman and McBryde for 
iridium  in to  a m ethod for th e  sim u ltaneous a n a ly s is  of rhodium  and 
irid ium . H ow ever, th e  p e rch lo ric  ac id  th a t w as n eed ed  to  s ta b il iz e  th e  
rhodium com plex  made th e  irid ium  c o lo r more u n s ta b le  and l e s s  rep ro ­
ducib le ; th e  la c k  of rep ro d u c ib ility  w as g re a te r  in  m ixtures o f iridium  
and rhodium  th a n  in  so lu tio n s  co n ta in in g  only  irid ium .
The re a c tio n  of irid ium  and rhodium  w ith  tin (II) iod ide  had  not b e en  
s tu d ie d . S ince  iod ide  re a d ily  re p la c e s  ch lo rid e  and  brom ide In  th e  h e x a -  
h a lid e s  of th e s e  m e ta ls , th e re  w as a  good p o s s ib i l i ty  th a t th e  tin(II) 
io d id e  re a c tio n  would be more s ta b le ,  s e n s i t iv e ,  and  rep ro d u c ib le  th an  
th e  tin (II) brom ide re a c tio n . The v a ria b le s  o f th e  re a c tio n  w ere  s tu d ied  
sp ec tro p h o to m etrica lly  and a n a ly tic a l  m ethods for rhodium  and iridium  
re s u l te d .
The tin (II) iod ide  rea g en t re a c ts  w ith  rhodium (III) to  form a s ta b le ,
co lo red  com plex  w ith  an  ab so rp tio n  maximum a t 460 mjA. The sy stem
4obeys B eer 's  law  and e x h ib its  a  molar ab so rp tiv ity  of 3 .9  x  10 a t 
460 m>i. Rhodium c o n ce n tra tio n s  b e tw een  0 .4  and 3 ppm can  be  d e te r­
m ined w ith  an  av erag e  d e v ia tio n  of only  0 .3 % . Iridium (IIl) form s a 
com plex w ith  a n  ab so rp tio n  maximum a t 446 mji, B e e r 's  law  is  not 
obeyed bu t th e  re a c tio n  is  rep roduc ib le  over th e  range 0 .8 - 1 1 .7  ppm 
w ith  an  acc u ra c y  of i  0 .9% . In both a n a ly s e s ,  prio r se p a ra tio n  from 
m ost o th e r tra n s it io n  m eta ls  i s  n e c e s s a ry . The s tu d ie s  show ed th a t 
th e  tin (Il) h a lid e  rea c tio n s  w ith  p latinum  group m eta ls d iverge  from tru e  




The aim  of th is  re se a rc h  w a s  to  study  th e  e le c tro d ia ly tic  se p a ra ­
tio n  of rhodium  and iridium  a s  th e  th io u rea  com plexes and to  determ ine 
th e  s tru c tu re  of th e  c o m p lex e s . A se p a ra tio n  of th e  tw o com plexes had  
been  made on a  c a tio n  exchange  co lum n. The rhodium  com plex w as a d ­
so rb e d , w h ereas th e  irid ium  w as found in  th e  ra ff in a te . This w a s  thought 
to  be due to  c a tio n ic  rhodium  and  an io n ic  irid ium . Thus in  an  e le c tro ­
d ia ly s is  c e l l  con ta in ing  ion  exchange  m em branes, iridium  w a s  ex p ec ted  
to  m igrate  in to  th e  anode com partm ent and rhodium  in to  th e  ca thode  com ­
partm ent .
A na ly tica l m ethods for th e  tw o m etal io n s w ere  n e ed e d . S ince  a t 
m ost two m etal io n s w ould be in  th e  s o lu t io n s , a  m ethod for th e  sim ul­
tan e o u s  a n a ly s is  of iridium  and rhodium  ap p ea red  p ra c tic a l and w ould 
reduce  th e  am ount of a n a ly tic a l  w ork . No p u b lish ed  procedure  w as 
a v a i la b le , bu t th e  tii>(Xl) brom ide m ethods for iridium  and rhodium 
seem ed -ad ap tab le  a s  a sim u ltan eo u s method# Poor rep ro d u c ib ility  w as 
o b ta in e d , how ever, and tin(II) iod ide  m ethods w ere deve loped  for rhodium  
and irid ium . The m olar ab so rp tiv ity  of th e  irid ium -tin (II) io d id e  com plex 
w as not c o n s tan t over th e  c o n cen tra tio n  range to  be u s e d , so  th a t th e  
tin (Il) iod ide  reag en t w a s  not a p p lic a b le  to  th e  sim u ltaneous a n a ly s is  
of rhodium  and irid ium .
To determ ine th e  s tru c tu re  of th e  th io u rea  c o m p lex es , c ry s ta llin e
com pounds w ere  p repared  and th e ir  in fra -re d  sp e c tra  s tu d ie d . A lso , th e  
b eh av io r of so lu tio n s  of th e  com plexes w as s tu d ied  w ith  ion  exchange 
re s in s  and  th e  e le c tro d ia ly s is  c e l l .  The re a c tio n  of th io u re a  w ith  
rhodium  and irid ium  re su lte d  in  an  equ ilib rium  m ixture of c a tio n ic , 
n e u tra l, and  an io n ic  s p e c ie s .  Such a  la rg e  e x c e s s  of th io u re a  w as re ­
qu ired  to  produce a  com plete ly  c a tio n ic  com plex  of rhodium  th a t much 
o f th e  iridium  a lso  w as in  a  c a tio n ic  form and an  e le c tro d ia ly tic  se p a ra ­
tio n  w as not p o s s ib le .
CHAPTER II
THE TIN(II) HALIDE REACTIONS WITH RHODIUM AND IRIDIUM
W hen th e  pa ir of io n s , Ir(IIl) and Rh(IIl), a re  found to g e th e r , one 
g en era lly  in te rfe re s  w ith  th e  colorim etric  a n a ly s is  of the  o th e r . For 
exam ple , iridium  in te rfe res  in  th e  N aC IO oxidation  of rhodium to  a 
m easurab le  b lue  co lor (1). The iridium  c a ta ly z e s  th e  reduction  of N aC IO . 
An aqueous so lu tion  of iridium (IIl) develops a cherry  red  co lo r w ith 
p -n itro so d im eth y lan ilin e  but o ther platinum  group m etals in te rfe re  (2 ) .
The la t te r  in te rfe re  w ith  th e  e th y le n e d in itr ilo te tra a c e tic  ac id  method 
of determ ining iridium(IV) (3). For th e  o -d ia n is id in e  method of d e te r­
mining c h lo ro ir id a te , Berman, B eam ish, and McBryde (4) rem oved the  
o ther platinum  m e ta ls .
Separa tion  may be reso rted  to  in  the  a n a ly s is  of rhodium and 
iridium  to  avoid  m utual in te rfe re n c e . Ion exchange (5), p rec ip ita tio n  
(6 , 7 ), ex trac tio n  (8 ) ,  and chrom atographic (9 , 10) m ethods have been  
u se d . The w eak n ess  of th e s e  m ethods is  th e  amount of tim e required 
when a large  number of a n a ly se s  is  to  be m ade.
M aynes and McBryde (11) d esc rib ed  a  procedure for determ ining 
iridium(IV) by ox idation  w ith  e e rie  su lfa te  to  produce a red  c o lo r . The 
rhodium concen tra tion  w as th en  determ ined in  an a liquo t by th e  SnClg 
(12) m ethod. H ow ever, one may w e ll seek  a fa s te r  method of making 
rep e titiv e  a n a ly se s  of th e se  two m e ta ls .
W here only two io n ic  sp e c ie s  are  found to g e th e r , the  b e s t
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approach  seem s to  be  a  s im u ltan eo u s a n a ly s is  (13) i f  sa tis fa c to ry  accu racy  
can  be o b ta in e d . The a n a ly s is  of th e  tw o com ponent sy s tem  th e n  red u ces  
to  a  s in g le  m ethod of co lo r developm en t, ab so rb an cy  m easurem ent a t tw o 
d ifferen t w ave le n g th s , and  th e  so lu tio n  o f tw o sim ple e q u a tio n s  u sin g  th e  
m easured  a b so rb a n c ie s . T hese eq u a tio n s  a re  ob ta in ed  from th e  sim ul­
tan eo u s equ a tio n s:
A -Vi = a l l b c l + a 1 2 b C 2
A -V2 = a 21bCl + a 22b c 2 
W here: b = len g th  of l ig h t path
all = a b so rp tiv ity  of su b s ta n c e  1 a t \ l
a 12 = a b so rp tiv ity  of su b s ta n c e  1 a t ^ 2
a 21 = a b so rp tiv ity  of su b s ta n c e  2 a t "kl
a 22 = ab so rp tiv ity  of su b s ta n c e  2 a t \ 2
%
= m easured  ab so rb an cy  a t
A_K2
= m easured  abso rbancy  a t
C1 = unknown co n ce n tra tio n  of su b s ta n c e  1
c 2 = unknown c o n cen tra tio n  of su b s ta n c e  2
Inheren t w ith  th e  e q u a tio n s  is  th e  n e c e s s i ty  th a t B e e r 's  law  be  obeyed 
by both  su b s ta n c e s  over th e  co n cen tra tio n  range u s e d . In c re a se d  a c ­
curacy  is  o b ta in ed  w ith  in c re a s in g  d iffe ren c e s  in  th e  ab so rp tio n  sp ec tra  
of su b s ta n c e s  1 and 2 . T his is  s e e n  from th e  m ath em atics , a ls o .
Jacobs (14) repo rted  th a t 60-200 X Rh(IIl) in  25 ml cou ld  be  d e te r­
m ined w ith  N ,N ^  -b is(3 -d im ethy lam inop ropy l)d ith iooxam ide  and rhodium 
and iridium  m ight be determ ined s im u lta n e o u s ly . No supporting  d a ta  from
sim ultaneous a n a ly se s  a re  g iven  and th e  a n a ly s is  apparen tly  w as lim ited  
to  th e  determ ination  of rhodium  in  th e  p resen ce  of irid ium . The a n a ly s is  
of iridium  in  th e  p resen ce  o f rhodium is  made d ifficu lt by th e  m olar a b -  
so rp tiv itie s  of th e  com plexes: a t 420 mp, = 8758, = 696; a t  460
m p, ^Rh = 4 3 °4 , Cjr  = 790 .
Berman and McBryde (15) fa iled  to  develop  a  m ethod for th e  sim ul­
taneous a n a ly s is  o f rhodium and iridium  w ith  th e  tin(II) brom ide reagen t 
due to  th e  in s ta b ility  o f th e  rhodium com plex . This in s ta b ility  w as over­
come by Berman and Ironside  (16) for rhodium , bu t the  m ethod w as not 
app lied  to  iridium  or the  iridium  and rhodium m ixture. It th u s appeared  
th a t  a ju d ic io u s com bination  of th e s e  tw o pap ers  w ould produce a s e n s i­
tiv e  m ethod for th e  determ ination  of iridium  and rhodium in  m ixed so lu tio n . 
Such a procedure w as needed  for ana lyzing  th e  so lu tio n s  ob tained  during 
th e  in v e s tig a tio n  of th e  e le c tro d ia ly s is  of th io u rea  com plexes of rhodium 
and irid ium . The p u rsu it o f th is  w il l -o '- th e -w is p  led  to  a ra ther lengthy  
study of th e  tin (Il) h a lid e  rea c tio n s  w ith  Iridium(Hl) and rhod ium (lll).
Tin(II) ch lo ride  h as  g a ined  th e  w id e s t accep tan ce  a s  an  a b so rp tio -  
m etric reagen t for rhodium . Many au tho rs have recom m ended i ts  u se  and 
reported  procedures for sp e c if ic  a p p lic a tio n s . A yres, T uffly , and 
F o rrester (12) have made an  e x ten s iv e  in v es tig a tio n  of th e  re a c tio n . The 
com plex is  of unknown com position , a s  are a l l  of th e  tin (ll)  h a lid e  com­
p lex es o f platinum  group m etals; for th is  rea so n  v a le n ce s  of th e  platinum  
group m etals in  th e  com plexes are  o m itted . A d is tin c t advan tage  of th e  
method i s  th e  low order of in te rfe ren ce  from irid ium (III), a lthough many
other tra n s itio n  m etal io n s  in te rfe re  se r io u s ly . The rhodium com plex ab ­
so rbs at 474 mp; the  iridium  com plex ab so rb s strong ly  a t 360 mp, but is  
in su ffic ien tly  s ta b le  and  reproducib le  for q u a n tita tiv e  a n a ly s e s .
The abso rp tiom etric  de term ination  of iridium  w ith  tin(II) ch lo ride  
in  hydrobrom ic ac id  so lu tio n  w as f irs t reported  by Berman and McBryde 
(15). This w a s  prom pted by fa ilu re s  to  adap t th e  tin (Il) ch lo ride  in  hydro­
ch lo ric  ac id  procedure  to  th e  a n a ly s is  of irid ium . By bo iling  an  iridium  
so lu tio n  w ith  hydrobrom ic a c id , th e  iridium  is  converted  to  hexabrom o- 
i r id i te . A s ta b le  ye llow  color w ith  an  abso rp tion  maximum a t 402 mp th en  
develops upon th e  ad d itio n  of tin(XI) brom ide in  hydrobrom ic a c id . C olor 
developm ent purported ly  requ ired  h e a tin g . W ith th e  recom m ended reac tio n  
co n d itio n s , th e  co lo r i s  s ta b le  for a t le a s t  6  h o u rs . The analogous rhodium 
co lo r w as u n s ta b le  and th e  au thors fa iled  to  develop  a  procedure for th e  
sim ultaneous a n a ly s is  o f rhodium and Irid ium . The pallad ium  absorbancy  
maximum a t 402 mp a ls o  w as not s ta b le  or rep ro d u c ib le , bu t th e  platinum  
abso rbancy  maximum a t 455 mp show ed g rea te r  s e n s itiv ity  th an  observed  
w ith  th e  tin (Il) ch lo ride  p rocedu re . Tin(II) brom ide in  hydrobrom ic acid  
w as found to  g ive a  more s e n s it iv e  but le s s  s ta b le  re a c tio n . The m olar
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ex tin c tio n  co effic ien t w as 4 .9 6  x  10 .
Berman and Ironside  (16) nex t adap ted  th is  m ethod to  th e  a n a ly s is  
of rhodium , using  tin (n )  brom ide in  hydrobrom ic ac id  a s  th e  co lor develop ­
ing re a g e n t. P erch loric  ac id  w as added to  th e  rea c tio n  medium to  s ta b iliz e  
th e  co lo red  com plex . This produced a so lu tio n  for w hich th e  absorbancy  
w as unchanged for a t le a s t  3 hours a fte r co lo r developm ent. The
absorbancy  maximum is  at 427 mp a fte r  20 m inutes developm ent a t room 
tem pera tu re . A gain, sep ara tio n  from o th er platinum  m eta ls  is  n e c e s sa ry , 
though la rg e  am ounts of iridium  c a n  be to le ra te d . The p resen ce  of 9 .3  
and 4 6 .4  X  iridium  in  so lu tio n s con ta in ing  5 0 .8  X  rhodium reduced  th e  
ab so rb an c ies  by only 2% and 6 %, re s p e c tiv e ly .
The behav io r of P t(II), Rh(III), Pd(II), Ir(III), and Au(III) w ith 
tin(II) brom ide in  aqueous and o rgan ic  so lu tio n s and in  isoam yl a lcohol 
e x trac ts  w as s tud ied  by P an tan i and P iccard i (17). Their re s u lts  w ere 
ob tained  w ith  pure so lu tions of m eta ls in  d ilu te  hydrobrom ic a c id . A re d -  
orange co lo r w ith  an  absorbancy  maximum a t 474 mp f irs t developed  in  
th e  rhodium(IIl) so lu tio n . The abso rbancy  maximum sh ifted  to  427 mp 
a fte r 1-2 hours and th e  co lor changed  to  y e llo w . If perch lo ric  ac id  w ere 
p resen t abso rbancy  m easurem ents w ere made 20-30 m inutes o r 2-3 hours 
a fte r mixing the  re a g e n ts . Some in s ta b ility  must have been  apparen t s in c e  
Pantani and P iccard i In s is t  upon carefu l rep e titio n  of th is  tim e . A le s s  
s ta b le  and se n s itiv e  co lor w as ob tained  on g en tle  h ea tin g  for 2 -3  m inu tes, 
A tin(H) brom ide co ncen tra tion  of not le s s  th an  0 .1 M , and an  ac id ity  b e ­
tw een  2 .5  and 3N th a t apparen tly  w as equally  con tribu ted  by hydrobrom ic
and perch lo ric  a c id s  w ere u s e d . The molar ex tin c tio n  co effic ien t w as 
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3 .1 0 x 1 0  . The yellow  com plex could be ex trac ted  w ith  isoam yl a lcoho l 
and th e  absorbancy  m easured a t 429 mp. The color did not change during 
12 hours in  th e  organic so lv e n t. In  both in s ta n c e s  B eer's  law  w as 
fo llow ed .
Iridium(III) in  the  tin(II) brom ide-hydrobrom ic ac id  so lu tio n  show ed
no co lo r developm ent a fte r se v e ra l day s a t room tem p era tu re . A yellow  
co lor developed  upon heating ; maximum abso rbancy  w as a t 403 mp. The 
co lor w as s ta b le  for se v e ra l hours i f  ob ta ined  w ith  0 .1 - 0 ,2M tin(II) 
brom ide in  a 2-3N  hydrobrom ic ac id  so lu tio n . Isoam yl a lcoho l ex trac tio n  
of th e  co lored  com plex w as p o ss ib le  in  very a c id ic  so lu tio n s  but th e  re ­
su lts  w ere not rep roduc ib le .
P latipum , rhodium , and pallad ium  w ere determ ined in  th e  p resen ce  
of iridium  in  aqueous so lu tio n  and a fte r  ex trac tio n  w ith  isoam yl a lc o h o l. 
C olor developm ent w as a t room tem p era tu re . The iridium  rem ained in  th e  
ra ffin a te  from the  ex trac tio n  and presum ably  w as determ ined in  th is  aqueous 
so lu tio n . A sim ultaneous determ ination  of rhodium  and platinum  w as a lso  
m ade.
I .  Experim ental
A. Equipment
The Beckman DK-1 record ing  spectropho tom eter w as u sed  to  ob ta in  
th e  sp e c tra l cu rves of a number of so lu tio n s . All o ther absorbancy  
m easurem ents w ere  m ade on th e  Beckman DU spectropho tom eter.
B. R eagents
Iridium(III) and rhodium(III) ch lo rid es  w ere  d isso lv e d  in  0 .3N  hydro­
ch lo ric  ac id  and s tan d ard ized  by th e  m ethod of G ilch ris t (18). S tandard 
so lu tio n s  of platinum  and pallad ium  w ere made from th e  re sp e c tiv e  
pow dered m eta l. Isoam yl a lcoho l w as of te c h n ic a l g rad e . All o th er re ­
ag en ts  w ere  a n a ly tic a l g rade  and prepared  a s  in d ic a te d . Hydrobromic
9ac id  w as re d is ti l le d  and th e  brom ine rich  frac tio n  w as re je c te d .
C . S e lec ted  Experim ents
Experiment 1. E xtraction  of rhodlum -tin(Il) brom ide com plexes w ith 
lsoam vl a lc o h o l. A liquots of th e  rhodium  sto ck  so lu tio n  w ere tran sfe rred  to  
30 ml b e a k e rs . F ive drops of 2% HgSO^ w as added to  each  b eak er and th e  
so lu tio n s  w ere  evaporated  to  d ry n e s s , Five ml 47% hydrobrom ic ac id  w as 
added  and evaporated  to  1-2 m l. The so lu tio n s  w ere  tran sfe rred  to  125 ml 
separa to ry  funnels w ith  10 ml mixed a c id s  (2N in  HBr, 1/2N  in H C IO ^). 
Five ml H 2 O and 5 ml SnC l2  reag en t (3:1 # 47% HBr/SnCl2 *2 H 2 0 ) w ere
ad d ed . The so lu tio n s w ere mixed and a fte r 3 1 /2  hours a t room tem pera­
tu re , th e  com plexes w ere  ex trac ted  w ith  25 ml isoam yl a lc o h o l. Ab­
so rb an c ies  w ere m easured  a t 429 mp. The re su ltin g  d a ta  are p lo tted  in  
Figure 1.
Experiment I I .  D evelopm ent of tln(II) brom ide com plexes of rhodium 
and iridium  a t room tem p era tu re . S ix ty -one  and tw o -te n th s  micrograms 
Rh(III) and 73 .5 ]f Ir(lll) w ere  tran sfe rred  to  se p a ra te  100 ml b e a k e rs . A 
b lank  w as carried  through a ll  s t e p s . The so lu tio n s  w ere  evaporated  to  
d ry n e ss , th en  5 ml 19% HBr and 10 ml mixed a c id s  w ere  added . The 
so lu tio n s next w ere h ea ted  15 m inutes on th e  steam  ba th  before being  
tran sfe rred  to  25 ml volum etric  f la s k s .  They w ere allow ed to  stand  for 
48 hours a fte r  th e  add ition  of 5 ml SnCl re a g e n t, d ilu tio n  to  volum e, andCt
m ixing, th en  sp e c tra l cu rves w ere recorded  of sam p les v s .  b lan k . The 
rhodium abso rp tion  maximum w as a t 425 mp, th e  iridium  a t 401 mp. A 
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FIGURE 1. Absorbancy Versus C oncen tra tion  of Isoam yl Alcohol E x tracts 
of Rhodium-Tin(Il) Bromide Com plexes
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TABLE I . S tab ility  o f Rhodium and Iridium  C om plexes Formed In Aqueous 
Hydrobromic Acid Solution a t Room Tem perature
A bsorbancy a t A bsorbancy a t Time of R eaction
Sam ple____________ 401_mu______________425 mu________ Hours and M inutes













.622 .204  70:35
.647 .214 71:30
.675 .224  74:05
.675 .225 75:10
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Experiment III. Effect of som e d ifferen t heating  periods on 
developm ent of tin(II) brom ide c o m p lex e s . S tandard so lu tio n s of rhodium 
and iridium  w ere added to  se p a ra te  100 ml b e a k e rs . Five drops 2N H 2 SO 4  
w as added to  each  b eak er and th e  so lu tio n s  w ere  evaporated  to d ry n e s s . 
Five ml 17% HBr w as added and th e  so lu tio n s  w ere  h ea ted  for 15 m inutes 
on th e  steam  b a th , co o led , and tran sfe rred  to  25 ml volum etric f la sk s  
w ith  10 ml mixed a c id s  and a l i t t le  d is t il le d  w a te r . Five ml tin(II) 
brom ide reagen t w as added and th e  so lu tio n s d ilu ted  to  volum e w ith 
d is t il le d  w a te r, then  heated-fo r.. 10, 20, or 30 m inutes in  bo iling  w a te r, 
coo led  in  an ic e  b a th , and th e  ab so rb an c ies  w ere  m easured a t 401 and 
425 mji. The d a ta  are g iven  in  T ab les II and III.
Experim ent IV. P repara tion  of s tandard  curves and a n a ly s is  of 
mixed so lu tio n s of rhodium and iridium  w ith  tin (Il) brom ide using  a 
hea ting  period of 1 1 /2  m inu tes. A liquots of th e  standard  so lu tio n s  w ere 
tran sfe rred  to  25 ml volum etric f la s k s  and 3 ml 47% hydrobrom ic ac id  w as 
added  to  each  f la s k .  The so lu tio n s w ere h ea ted  on th e  steam  ba th  for 
45 m inu tes, th en  coo led  and 3 ml 60% p erch lo ric  ac id  and 5 ml tin(Il) 
brom ide reagen t w ere ad d ed . The so lu tio n s  w ere m ixed, h ea ted  in  a  
bo iling  w a te r ba th  for 1  1 / 2  m in u te s , coo led  to  room tem perature  in  an 
ic e  b a th , and d ilu ted  to  volume w ith  d is t i l le d  w a te r . A bsorbancies w ere 
m easured at 401 and 425 mp.
The plot of the  a b so rb an c ie s  of th e  iridium  so lu tio n s  v e rsu s  th e  
m icrograms Iridium  per 25 ml y ie ld ed  s tra ig h t l in e s  for th e  two w ave 
len g th s  (Figure 2 ). The s lo p e s  o f th e s e  cu rves w ere  0 .00964 abso rbancy





Time After H eating Before 
Absorbancy M easurem ents
Absorbancy at 
401 mu
Absorbancy a t 
425 mu
2.45 ppm Rh 1 0  m inutes 2 0  m inutes .332 .456
1 1 0 .332 .454
437 .332 .452
2 0 2 0 .341 .464
1 1 0 .340 .458
30 2 0 .333 .463
1 1 0 .356 .466
1.95 ppm Ir 1 0 15 .056 .155
78 .057 .154
2 0 15 .068 .176
78 .073 .180
30 15 .061 .151
78 .076 .190
TABLE III. A bsorbancies of S tandard and Mixed Solutions of Rhodium- and Iridium -Tin(Il) Bromide 
Com plexes O btained w ith a 10 M inute H eating Period
Sample
Com position




0 .81  ppm Rh . 1 1 1 .157
2 .43  ppm Rh .326 .458
3 .24  ppm Rh .445 .621
1 ppm Ir .096 .036
2 ppm Ir .229 .086
4 ppm Ir .452 .161
5 ppm Ir .644 .232
1 ppm Ir, 2 .43 ppm Rh .472 .464
2 ppm Ir , 0 .81  ppm Rh .356 .242
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FIGURE 2 . S tandard  C urves for Iridium  A naly sis  by th e  Tin(Il) Bromide 
M ethod
un it p e r ’f  iridium  in  25 ml a t 401 mp and 0 .00270  a t 425 mp. S im ilarly , 
rhodium {Figure 3) gave v a lu e s  of 0 .00554 and 0 .0 0 7 4 9 . W ith th e s e  re ­
su lts  , th e  follow ing sim ultaneous equatio ns w ere  deduced:
. 00554 —. 00964 Cjj- — A4  g
. 0  0749 — • 00270 Cjj. — A425
th e s e  w ere sim plified  to :
c Rh = 1 6 9  A425 “ 4 7  * 4  A401
C lr  = 104A401 - * 5 7 5  C Rh 
W here , C j^  =Tf Rh in  25 ml
C jr = T Ir in  25 ml
A4 0 1  = ab so rbancy  of so lu tio n s a t 401 mp 
A4 2 5  = ab so rbancy  of so lu tio n s  a t 425 mp 
The com plexes in  mixed so lu tio n s  of known Rh(IIl) and Ir(III) co n cen tra ­
tio n  w ere next developed  in  th e  sam e w ay as th o se  of th e  s in g le  sp e c ie s  
u sed  in  ob tain ing  th e  c a lib ra tio n  d a ta . From th e  ab so rb an c ies  Of th e  
so lu tio n s , c a lc u la te d  co n cen tra tio n s  w ere ob ta ined  w ith  th e  sim plified  
e q u a tio n s . The known and  c a lc u la te d  d a ta  are  com pared in  Table IV.
I I . D isc u ss io n  of Experim ental Work 
A. E xtraction  of th e  Tin(II) Bromide C om plexes of Iridium  and Rhodium
Berman and McBryde (15) and P antan i and P iccard i (17) had reported 
th a t iridium  (III) show ed no reac tio n  w ith  t in  (II) brom ide a t room tem pera­
tu re , w hereas rhodium (IIl) re a c te d  q u an tita tiv e ly  and could  be ex trac ted  
w ith  isoam yl a lc o h o l. This su g g e s te d  an  ex trac tio n  of th e  rhodium com ­
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FIGURE 3 , Standard C urves for Rhodium A nalysis by th e  Tin(Il) Bromide 
M ethod
TABLE IV. R esults of th e  Sim ultaneous A nalysis of Mixed Rhodium and Iridium  Solutions w ith th e  Tin(Il) 
Bromide Reagent
Known 
C oncentration  of 
Rh in Dom
C alcu la ted  
C oncentration  




C oncentration  of 
Ir in Dom
C alcu la ted  
C oncentration  of 
Ir in  DDm
%
Error
0 .33 0.32 -3 .0 3 .08 3 .04 - 1 . 6
0.33 0.34 + 3 .0 3.08 3 .24 +5.1
0.33 0.35 + 6 . 1 3 .08 3 .11 + 0 . 8
0.33 0.36 + 9 .1 1.54 1.62 +4.9
0 .33 0.34 + 3 .0 0 .46 0 .50 + 8 .7
0.33 0.35 + 6 . 1 0.45 0 .49 + 8 .9
0.65 0 . 6 6 + 1 . 2 2 .32 2 .4 0 + 3 .8
0.65 0 .70 + 6 . 2 2 .32 2 .3 0 -0 .9
0.98 0 .94 -4 .1 1.54 1.55 +0.7
0.98 0.99 + 1 . 0 1.54 1.76 + 1 1
1.30 1.31 + 0 . 8 0.77 0 .76 -1 .3
1.30 1.30 0 0.77 0 .74 -3 .9
1.30 1.28 -1 .5 0.15 0 .16 +6.7
1.30 1.30 0 0.15 0 .14 -6 .7
1.63 1.61 - 0 . 8 3.08 3 .24 +5.2
1.63 1.63 0 3.08 2 .71 - 1 2
3 .27 3 .24 -0 .9 0.77 0 . 8 8 + 14
4 .88 4.88 0 0.77 0 . 8 8 + 14
4 .88 4.88 0 0.15 0 .16 + 6 .7
4 .88 4.88 0 0.15 0 .23 +53
0.082 0 . 1 0 + 2 2 3 ,08 3 .07 - 0 .3
0.082 0.13 +62 3 .08 3 .37 + 8 . 1
0.082 0 . 1 0 + 2 2 2.32 2 .3 4 + 0 .9
0.082 0 . 1 1 +38 2.32 2 .64 + 14
00
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h eatin g  of th e  ra ffin a te  and m easurem ent of th e  Iridium  con ten t of the  
aqueous so lu tio n . The rhodium com plex proved read ily  ex trac tab le  
(Experiment I ) . A d iffic u lty , how ever, rev ea led  i t s e l f  in  th e  f ir s t  attem pt 
to  p repare  a standard  curve: m inute d rop le ts o f w a te r d isp e rsed  ligh t to  
th e  ex ten t th a t Beer’s law  w as not obeyed (Figure 1),
Iridium  (III) ch lo ride  in  m ultip les o f 2 0 ,4  X  w as next su b s titu ted  
fo r th e  rhodium(IIl) ch lo ride  in  Experim ent I ,  It w as found th a t  co lor 
b eg an  developing  im m edia te ly . This rea c tio n  w as checked  in  an ice  
b a th  s in c e  room tem perature  w as 3 0 °C . Again co lo r developed  ra p id ly .
The sim ultaneous ex trac tio n  of the  com plexes o f both iridium  and 
rhodium th u s  seem ed more p rom ising , A num ber of a ttem pts w ere  made 
to  p repare  c a lib ra tio n  cu rves o f rhodium  and iridium  by  Experiment I and 
i t s  m o d ifica tio n s . C olor developm ent w as sa tis fa c to ry  e ith e r a t room 
tem perature  or in  a bo iling  w a te r b a th , The extrem ely  m inute w a te r 
d ro p le ts  p rev iously  observed  proved th e  undoing of th e  a n a ly s is .  These 
d rop le ts  w ere  observed  in  a ll  of th e  isoam yl a lco h o l e x tra c ts . The e x ­
tra c ts  w ere of a su rp rising ly  v isc o u s  n a tu re , w hich slow ed sep ara tio n  of 
p h a s e s .  The in it ia l  se p a ra tio n  o ften  appeared  com plete  a fte r long s ta n d ­
in g , but w hen th e  aqueous lay e r  w as drawn o ff , th e  s l ig h te s t ag ita tio n  
re su lte d  in  re su sp e n s io n  of d rop le ts  from th e  aqueous drops on  the  w a lls  
of th e  fu n n e l. A low sp eed  cen trifuge  in e ffe c tu a lly  removed them . F iltra ­
tio n  produced a w hite  p re c ip ita te  and d e s tru c tio n  of th e  co lored  com plex . 
N e ithe r could  th e  d rop le ts be  w ash ed  out w ith  m ixed ac id  (2N in  HBr,
0 .5N  in  HC104) so lu tio n .
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The so lven t appeared  to  be  th e  o ffender, hence  o th er so lven t system s 
w ere In v e s tig a te d . T ribu ty lphosphate , n -b u ty l a c e ta te ,  e thy l a c e ta te ,  
n -p ropy l a c e ta te ,  m ethyl n -h ex y l k e to n e , x y le n e , and m ixtures o f th e s e  
w ith each  o ther and isoam yl a lcoho l ex trac ted  th e  com plex to  varying 
d e g re e s . None of th e  e x tra c ts  w ere  free  of th e  d ro p le ts  and methyl 
n -h ex y l k e to n e , m ethyl iso b u ty l k e to n e , and n -b u ty l e ther re a c te d  w ith  
th e  aqueous so lu tio n . Chloroform  and petroleum  e th e r did not e x tra c t th e  
com plex .
T hese ex trac tio n  experim ents w ere  b a se d  on th e  reported  (17) 
s ta b iliz in g  e ffec t of th e  so lven t on th e  co m p lex es . That a s se r tio n  is  
not c o n te s te d , but th e  enhanced  s ta b ili ty  w as of q u estio n ab le  v a lu e  w hen 
no way w as found to  overcom e th e  d ifficu lty  of th e  su sp en d ed  d ro p le ts .
B. D evelopm ent and M easurem ent of th e  Tln(Il) Bromide C om plexes of 
Iridium  and Rhodium in  Aqueous Solu tion  a t Room Tem perature
C o lo r developm ent by Rh(lll) in  aqueous S n C ^-H B r so lu tio n  a t room 
tem perature  w as dem onstra ted  by Berman and Ironside  (16). The ex p eri­
m ents reported  in  S ec tion  "A" su g g ested  th e  sam e for Ir(II l) , d e sp ite  
s ta tem en ts  (15, 16) to  th e  co n tra ry , th u s m aking a sim ultaneous a n a ly s is  
of th e  tw o p o s s ib le .
The q u e s tio n 're le v a n t to  th e  rhodium rea c tio n  w as: w ill th e  more 
rap id ly  developed  rhodium com plex rem ain s ta b le  un til th e  iridium  co lo r 
is  dev e lo p ed ?  The f irs t experim ents in d ica ted  th a t both  sp e c ie s  would 
be su ffic ien tly  s ta b le  for ab so rbancy  read ings be tw een  7 -9  or 23-24 
h o u rs , but th e s e  read in g s proved non-rep roducib le  and fa iled  to  obey
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Beer’s law . A study  w as there fo re  made (Experiment II) to  determ ine the  
leng th  of tim e required  to  ob ta in  co n stan t or maximum abso rbancy  re a d in g s . 
The absorbancy  m easurem ents (Table I) a t 401 and 425 mp show ed the  
rhodium so lu tio n  w as q u ite  s ta b le  be tw een  48 and 75 hours; th e  iridium  
so lu tio n  a fte r 74 hours w as s ta b le .
A number of irid ium , rhodium , and m ixed irid ium -rhodium  so lu tio n s 
w ere prepared s im ila r to  th e  so lu tio n s  of Experim ent I I , After 74 hours a t 
room tem p era tu re , th e  ab so rb an c ie s  of th e  so lu tio n s  w ere  m easured  a t 401 
and 425 mp. The so lu tio n s fo llow ed B eer 's  law  poo rly . This may have 
b een  due to  th e  long period  of s ta n d in g , during w hich  su ffic ien t tin (Il) 
w as ox id ized  to  c a u se  flu c tu a tio n s  around th e  av erag e  m olar ab so rp tiv ity . 
T hese errors w ere  m aghified in  th e  m ixed so lu tio n s  and th e  c a lc u la te d  
co n cen tra tio n s w ere  very  in c o rre c t. V ariations in  q u an tity  of a c id s  did 
not im prove th e  r e s u l t s .
C . D evelopm ent a t 100°C and M easurem ent of th e  Tln(II) Bromide 
C om plexes o f Iridium  and Rhodium in  Aqueous S olu tion  
The form ation of co lored  com plexes a t  room tem pera tu re  proved un­
sa tis fa c to ry , therefo re  ^ development of th e  com plexes in  th e  bo iling  w a te r 
ba th  w as s tu d ie d . A s ta b le ,  rep roducib le  com plex of rhodium  th a t fo l­
low ed B eer's  law  w as formed read ily  under a v a rie ty  o f c o n d itio n s , but 
iridium  again  proved in tra c ta b le .
The s ta b ili ty  s tu d ie s  of Experim ent I I I , Table I I ,  in d ic a te d  th a t a 
te n  m inute h ea tin g  period  would g ive  s ta b le  com plexes of rhodium  and 
iridium ; th e s e  d a ta  su g g e s t th a t th e  u se  o f p e rch lo ric  ac id  recom m ended
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by  Berman and Iro n sid e  (16) la rg e ly  overcom es th e  in s ta b il i ty  of th e  rhodium  
com plex th a t  Berman and McBryde (15) o b se rv e d . H ow ever, th is  s ta b i l iz a ­
tio n  ap p ea rs  to  be  a t  th e  e x p en se  of th e  irid ium  com plex  and one  w o n d e rs , 
in  re tro s p e c t , if  one group fa ile d  in  an  a ttem pt a t s im u ltan eo u s a n a ly s is  by 
th e  in s ta b i l i ty  of th e  rhodium  com plex , w h ereas  th e  o ther w a s  d e fea ted  by 
th e  irid ium  com plex bu t did  not repo rt th is  f a i lu re . The d a ta  o f Table III 
show ed th e  v ariab ility  of irid ium  a b so rb a n c ie s  to  b e  to o  g re a t for a n a ly ­
t ic a l  u s e .  The so u rce  of th is  v a r ia b ili ty  proved not to  be  due to  incom ­
p le te  co n v ersio n  of iridium  to  hexabrom oirid ite  w hen  s im ila r r e s u l ts  w ere  
o b ta in ed  by a  b rie f  h ea tin g  period  and by prolonged b o ilin g  of th e  h e x a -  
c h lo ro irid ite  w ith  co n ce n tra te d  hydrobrom lc a c id  befo re  adding  th e  tin(II) 
brom ide re a g e n t.
A tw en ty  m inute h ea tin g  period  w as in v e s tig a te d  n e x t. The m axi­
mum ab so rp tio n  of th e  irid ium  so lu tio n  sh if te d  to  363 m p. Rhodium 
appeared  unaffec ted  by th e  in c re a se d  period  of h e a tin g , bu t th e  so lu ­
tio n s  co n ta in in g  irid ium  w ere v a ria b le  and  th e  a b so rb a n c ie s  in c re a se d  
rap id ly  w ith  tim e . M uch irid ium  s e n s i t iv i ty  w a s  lo s t  by th e  longer h e a t ­
ing  p e rio d s  and  th e  ex p ec ted  in c re a s e  In  so lu tio n  s ta b il i ty  fa ile d  to  
m a te r ia liz e .
The maximum a b so rb a n c ie s  of so lu tio n s  p rev io u s ly  w ere  observed  
f i r s t  in c re a s in g  and  th e n  d e c rea s in g  a s  th e  so lu tio n s  w ere  h e a te d . The 
maximum a b so rb a n c ie s  d ev e lo p ed  a t room tem pera tu re  had  proved s ta b le ,  
th u s  maxima developed  in  th e  w a te r  b a th  m ight be  s ta b le  if  h ea tin g  w ere  
s to p p e d . Table V show s d a ta  o b ta in ed  in  th e  se a rc h  for th e  tim e of




Time of H eating 
in  M inutes
Time of 
M easurem ent in  
M inutes After H eating
Absorbancy a t 
400 mu
Absorbancy a t 
425 mu
1.54  ppm Ir 6 30 .260 .086
4 25 .297 .096
3 15 .312 .099
2  1 / 2 16 .339 . 1 0 1
2 2 0 .358 .104
55 .327 .105
8 8 .347 .105
275 .331 . 1 0 0
2 16 .350 . 1 0 2
1 2 /3 15 .320 .091
75 .314 .094
1 0 0 .361 .106
3 .24  ppm Rh 1 2 /3 15 .447 .611
1 0 15 .445 .621
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heating  th a t gave th e  la rg e s t v a lu e  for th e  abso rbancy  maximum. The ab ­
sorbancy of th e  rhodium i s  th e  sam e for 20 and 30 m in u tes , w hich is  
ev idence  th a t th e  rhodium com plex is  qu ick ly  formed and rem ains s ta b le  
over a long period  of tim e . After 2 m inutes of h e a tin g , th e  iridium  so lu ­
tio n  reached  a maximum m olar ab so rp tiv ity  w hich  com pared q u ite  favor­
ably  w ith  th e  re s u lts  of 74 hours developm ent a t room tem p era tu re . The 
prom ise of th is  period  of h e a tin g , how ever, w as d im in ished  by the  
pronounced in s ta b ility  of th e  so lu tio n s . N e v e r th e le s s , a s e r ie s  of 
iridium  so lu tio n s w ere  prepared  w ith  a  2 m inute h ea tin g  p e rio d . Figure 4 
show s th a t th e  re s u l ts  w ere e r ra t ic .
M anipulation  of th e  in i t ia l  and fin a l hea ting  periods fa iled  to  
rev e a l a reproducib le  method of co lo r developm ent. C hanges in  con­
cen tra tio n s  of hydrobrom ic and p erch lo ric  a c id s  y ie ld ed  no im provem ent 
in  rep roduc ib ility  u n til th e  tech n iq u e  of develop ing  th e  com plex in  con­
cen tra ted  a c id s ,  th en  d ilu ting  w ith  w a te r , w a s  tr ie d  (Experiment IV).
The rep ro d u c ib ility , s ta b il i ty ,  and  lin e a r  change o f ab so rb an c ies  w ith 
co n cen tra tio n s (Figures 3 and 4) of th e  so lu tio n s  o f s in g le  sp e c ie s  p re ­
pared  in  th is  m anner in d ic a te d  th a t mixed so lu tio n s w ould be  am enable 
to  sim ultaneous a n a ly s is  under th e s e  c o n d itio n s . A number of mixed 
so lu tio n s y ie ld ed  encouraging  r e s u l t s , but a fte r  th e  c o lle c tio n  of much 
da ta  (Table IV) i t  w as obvious th a t th e  re s u lts  w ere re lia b le  only about 
50% of th e  tim e . In creasin g  th e  co lo r developm ent period  to  3 m inutes 
did not improve th e  s itu a tio n .
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FIGURE 4 . Absorbancy Versus C oncen tra tion  of Iridium -Tin(Il) Bromide 
Solu tions D eveloped w ith  a 2 M inute H eating Period
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th is  was rep ea ted  w ith  pure and m ixed so lu tio n s . A gain , th e  ab so rb an c ies  
of iridium  and rhodium  w ere not ad d itiv e  in  m ixed s o lu t io n .
Thus under tw o w ide ly  d ifferen t s e ts  of co n d itio n s s tandard  cu rv es 
for rhodium  and iridium  w ere ob ta ined  bu t th e  m ixed so lu tio n s  w ere of 
v a riab le  a b so rb an cy . This d ifficu lty  led  to  th e  c o n c lu s io n  th a t further 
work on a  sim u ltaneous a n a ly s is  of irid ium  and rhodium  w ith  th e  tin(II) 
brom ide m ethod w a s  im p ra c tic a l. H ow ever, th e  p rocedure  u sed  in 
Experim ent IV for rhodium a n a ly s is  re p re se n ts  an  im provem ent over 
th a t of Berman and Ironside  (16) in  th a t S n G ^  may rep la ce  SnBr2 , a 
ch lo ride  free  so lu tio n  is  not req u ire d , and th e  c o lo r developed  is  more 
s ta b le  and more rep ro d u c ib le .
D . Spectrophotom etric  D eterm ination  of Rhodium w ith  Tin(Il) Iodide 
R eagent
The d iffe ren ces  be tw een  th e  tin (II) ch lo ride  and tin (Il) brom ide 
re a c tio n s  w ith  iridium (III) and rhodium (IIl) su g g e s te d  th a t a tin (Il) 
iod ide  re a c tio n  might offer som e a d v an tag es  of s e n s i t iv i ty ,  repro­
d u c ib ility , and co n s tan c y  of m olar a b so rp tiv ity , pe rhaps im proving 
th e  a n a ly s e s  for th e  in d iv id u a l ions and making p o ss ib le  a  sim u ltaneous 
a n a ly s is  of iridium (IIl) and  rhodium (IIl). In n eu tra l and w eak ly  a c id ic  
s o lu t io n s , tin (Il) iod ide  p re c ip ita te s .  It h y d ro lyzes in  hydrochloric  
ac id  so lu tio n , so  th a t tin(II) iod ide  undoubted ly  w ould not be th e  r e ­
agen t in  so lu tio n , but th e  p re se n c e  of tin (Il) and io d id e  io n s  might 
en su re  a  rea c tio n  analogous to  th a t of th e  o ther tin (Il) h a lid e s .  M ethods 
for rhodium  and iridium  a n a ly s is  w ere  d e v e lo p e d , th u s  proving th e
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h y p o th es is  so u n d . The rhodium procedure  i s  g iven  below ; th e  v a ria b le s  
w ere  s tu d ied  by making m od ifica tions on th e  recom m ended p ro ced u re .
Recommended p ro ce d u re . T ransfer th e  rhodium (IIl) sam ple  to  a  
25 ml vo lum etric  f la s k . Add su ffic ie n t hydroch lo ric  a c id  so th a t  th e  
f in a l so lu tio n  w ill be IN In  hydroch lo ric  a c id .  Add 5 ml of 20% (W/V) 
po tassiu m  io d id e  so lu tio n , m ix, and  h e a t for 15 m inutes in  a  bo iling  
w a te r b a th . C ool to  room tem p era tu re . P ip e t 5 ml o f th e  t ln (n )  ch lo ride  
so lu tio n  in to  th e  f la sk  and d ilu te  to  volum e w ith  d is t i l le d  w a te r . Tin(Il) 
ch lo rid e  so lu tio n s w ere  p repared  by d isso lv in g  2  p a rts  by w eig h t of 
S nC l2 *2 H2 0  in  1  part by volum e of co n cen tra ted  hydroch lo ric  ac id  and 
d ilu ting  w ith  5 p arts  by volum e o f d is t i l le d  w a te r . For a c id ity  c a lc u la ­
tio n s  th is  so lu tio n  w as c o n sid e red  to  b e  2N in  hydroch lo ric  a c id .  Tin 
m eta l w as p lac ed  in  th e  s to ck  so lu tio n . M ix and h e a t  th e  un sto p p ered  
f la s k s  for 2 m inutes in  a  bo ilin g  w a te r  b a th . C ool im m ediate ly  to  room 
tem pera tu re  in  an ic e  b a th . M easu re  th e  ab so rb an cy  of th e  so lu tio n  a t 
460 mp v e rsu s  a  b lank  p repared  id e n tic a lly  to  th e  sam ple e x ce p t for th e  
o m issio n  of rhodium . D eterm ine th e  rhodium  co n cen tra tio n  from a 
s tan d a rd  cu rv e .
E ffect of tem pera tu re  on so lu tio n  a b so rb a n c y . Time s tu d ie s  in d i­
c a te d  th a t th e  sam ple m ust be  h e a te d  w ith  p o tass iu m  iod ide  in  a  b o ilin g  
w a te r  ba th  for a t  le a s t  8  to  1 0  m inutes to  convert th e  rhodium  ch lo ride  
com plex  to  a rep roduc ib le  io d id e  com plex (Figure 5 ) . F ifteen  m inutes 
h ea tin g  w as a c c ep ted  a s  rou tine  to  in su re  a com plete  co n v ersio n  w ith  
e ac h  sam p le . Upon th e  ad d itio n  of tin ( ll)  ch lo ride  to  th e  sam ple
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FIGURE 5 . Effect o f Time of H eating  in  th e  C onversion  of H exachlororhodite  
to  H exaiodorhod ite . 1 .9  ppm Rh U sed in  th e  T est S o lu tion . 
Absorbancy M easured  a t 460 mp
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con ta in ing  th e  rhodium iod ide  com plex a ro se  co lored  so lu tion  is  formed 
w hich rap id ly  changes to  a go lden  brow n. At room tem perature  the  ab ­
sorbancy in c re a s e s  con tinuously  for 18 hours and th en  d e c re a se s  
(Figure 6 ) .  A 2 m inute hea ting  p e rio d , how ever, p roduces a so lu tion  
w hose co lor i s  s ta b le  for a t le a s t  24 hours and w hich exh ib its  an  ab ­
sorption  maximum a t 460 mji. The tim e of heating  is  not c ritic a l:  
heating  periods up to  5 m inutes do not a lte r  th e  re su lts  (Figure 7 ).
The sp e c tra l curve is  show n in  Figure 8 .
E ffect of HC1 con cen tra tio n  on so lu tion  a b so rb an cy . The molar 
ab so rp tiv ity  of th e  rhodium  com plex in c re a se s  w ith  a d e c rea se  in  ac id  
co n cen tra tio n  a s  show n in  Figure 9 . The lo w est p ra c tic a l ac id ity  is  
about IN due to  th e  p rec ip ita tio n  of S n l2  in  so lu tio n s of le s s  a c id ity .
The a c id  co n cen tra tio n  of th e  fin a l so lu tio n  is  som ew hat c r i t ic a l  s in ce  
the  abso rbancy  changes 0 .01  un it for each  0 .1N  increm ent in  so lu tion  
a c id ity  for a so lu tio n  w ith  an  absorbancy  of about 0 .5 .  The p rec is io n  
of th e  method in d ic a te s , how ever, th a t ac id ity  con tro l is  e a s ily  e ffe c te d .
Effect of K1 co ncen tra tion  on so lu tio n  a b so rb an c y . The absorbancy  
in c re a se s  a s  th e  volum e of KI so lu tion  added approaches 5 m l, bu t re ­
m ains c o n s tan t for g rea te r volum es of reagen t (Figure 10). Large 
e x c e s s e s  of KI reag en t m ust be avo ided  to  p reven t th e  p rec ip ita tio n  of 
Snl2 * A p re c ip ita te  forms if  a s  much a s  11 ml of reag en t i s  added .
Effect of SnClg C oncentration  on so lu tio n  a b so rb an cy . V ariations 
from 40 to  200 per cen t of th e  p resc rib ed  amount of S n C ^  produce only 
a sm all in c re a se  ( 1 0 %) in  abso rbancy  if  th e  hydroch loric  ac id  conten t
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FIGURE 6 . V aria tion  o f S o lu tio n  A bsorbancy  a t  460 mp. w ith  Time of C olor 
D evelopm ent a t  Room T em pera tu re . 1 .9  ppm Rh U sed  in  th e  
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FIGURE 7 , V ariation of So lu tion  A bsorbancy a t 460 mjj w ith  Time of 
H eating  in  Boiling W ater Bath a fte r  th e  A ddition of Tin(Il) 
C h lo ride  S o lu tion  and D ilu tion  to  Volume. 1 .9  ppm Rh 
U sed  in  th e  T es t Solu tion
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FIGURE 9 . V ariation of Solu tion  Absorbancy a t 460 mp w ith 
C oncen tra tion  of H ydrochloric A cid. 1 .9  ppm Rh 
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FIGURE 10. Effect of Amount of KI U sed on Solu tion  A bsorbancy at 
460 mp. 1 .9  ppm Rh U sed in  th e  T est Solu tions
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is  m ain ta ined  c o n s ta n t (Figure 11). F ive ml of reag en t w as ch o sen  a s  a
p ra c tic a l  upper lim it.
E ffect of d iv e rse  io n s , s a l ts ,a n d  su lfu ric  a c id  on so lu tio n
a b so rb a n c y . The more common in te rfe re n c e s  and th e  am ounts th a t can
be  to le ra te d  by th e  p rocedure  a re  l is te d  in  Table VI. N ote th a t o ther
p latinum  group m eta ls and tra n s it io n  m eta ls  in te rfe re  se r io u s ly .
The p o s itiv e  e ffe c t of N a 2 SC> 4  i s  p robably  due to  a  d e c re a se  in
HC1 c o n cen tra tio n  by th e  m e ta th e tica l form ation of u n ion ized  HSO4  .
Sm all am ounts of io d in e  a re  form ed during th e  f ir s t  h ea tin g  p e rio d ,
presum ably  due to  lig h t and d isso lv e d  oxygen  in  th e  d is t i l le d  w a te r  and
re a g e n ts . This does not a ffe c t th e  rep ro d u c ib ility  of th e  m ethod i f  th e
so lu tio n s  a re  e s s e n t ia l ly  free  of o ther ox id iz ing  a g e n ts .  The abso rbancy
of th e  b lank  is  in c re a se d  by only 0 .006  un it if  50 mg (2000 ppm) of free
io d in e  a re  added  bu t th e  e ffec t on th e  sam ple  is  more p ronounced .
Two hundred e igh ty  ppm of iod ine  c an  be to le ra te d  w ithou t cau sin g  an
error in  th e  abso rbancy  m easurem ent g re a te r  th an  1%. C o n seq u en tly .
th e  so lu tio n s  m ust be free  of ox id iz ing  a g en ts  in  am ounts su ffic ie n t to
produce an  iod ine  co n cen tra tio n  of 280 ppm .
Optimum w orking ra n g e . The Ringbom (13) p lo t (Figure 12) show s
th e  re lia b le  w orking range to  be  from 0 .4  to  3 ppm Rh. The system  obeys
4
B e er 's  law  and h as  a  m olar ab so rp tiv ity  of 3 .9  x 10 a t 460 mp.
P re c is io n  of m ethod . S ix  sam ples con ta in ing  2 ppm of Rh(IIl) w ere 
a n a ly ze d  on th ree  d iffe ren t days g iv ing  an  av erag e  d ev ia tio n  of 0.3% and 
a stan d ard  d ev ia tio n  of 0 .4% .
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FIGURE 11. V ariation of So lu tion  A bsorbancy a t  460 m;i w ith  C o n cen tra ­
tio n  of Tln(Il) C h lo rid e . 1 .9  ppm Rh U sed  in  th e  T est 
S o lu tions
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TABLE VI. The C oncen tra tion  of In te rfe ren ces  N e ce ssa ry  to  G ive a 1% 
V ariation in  Sam ple A bsorbancy for a  2 ppm Rh(III) Solu tion
In terfering  Ion
C oncen tra tion  
in  ppm
D irection  of 
C hange
Co a s  C 0 C I 2 7 +
Sb a s  SbC l3 1 +
Ti as TiC l4 8 -
Cu a s  CUCI2 5 +
Fe a s  FeClg 1 0 +
Ni a s  N iC l2 2 0 +
C r a s  C rC l3 1 0 +
Ir as IrC l3 0 .08 +
Pd a s  PdC l2 ------------ p p t. forms
Pt a s  P tC ^ 0 . 1 +
h 2 . 8  x  1 0 2 +•
N a 2 S 0 4 l . l x l O 4 +
NaCl 3 .3  x  1 0 3 -
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FIGURE 12, Ringbom P lot of Rhodlum -Tin(Il) Iod ide Com plex 
D eterm ined a t  460 mjj
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A cho ice  among th e  tin (Il) h a lid e  reag en ts  for th e  determ ination  of 
rhodium may res t upon the  se n s it iv ity  d e s ire d , th e  iridium  and n icke l 
con ten t of th e  sam p le , th e  a n a ly s t 's  av ersio n  to  th e  u se  of perch lo ric  
a c id , the  c o s t and re d is ti l la tio n  of hydrobrom ic a c id , th e  g rea te r 
s ta b ility  of SnC l2  in  hydrochloric  ac id  than  in  hydrobrom ic a c id , and 
know ledge of th e  ac id  con ten t o f the  sam ple . All th ree  reag en ts  pro­
duce s ta b le  and reproducib le  co lo rs w ith  rhodium and the  a n a ly tic a l 
p rocedures are  sim ple and not very d iffe ren t.
The molar a b so rp tiv itie s  of th e  rhodium -tin(II) ch lo ride  (12), 
rhodium -tin(II) brom ide (16), and rhodium -tin(II) iod ide  com plexes 
a re  3 .9  x  10^, 2 .9  x  10^ and 3 .9  x  10^, re sp e c tiv e ly .
Except for th e  low er se n s it iv i ty  w hich often  may be sa tis fa c to r ily  
in c re ased  sim ply by using  abso rp tion  c e lls  o f longer path  len g th , the  
tin (Il) ch lo ride  reagen t appears to  be  superio r to  both  th e  brom ide and 
th e  iod ide  re a g e n t. The tin (ll)  ch lo ride  method h as th e  g re a te s t to le r ­
ance  for iridium  (45:1) and n ick e l io n s .
For sam ples requiring a g rea te r s e n s it iv ity , the  cho ice  of m ethods 
l ie s  be tw een  th e  u se  of the  brom ide or iod ide re a g e n ts . The brom ide 
method appears to  to le ra te  more iridium  th an  th e  iod ide  method although 
d ifferen t to le ran c es  are  reported  (16, 17). The iod ide  method appears  
to  be s lig h tly  more se n s it iv e  to  changes in  ac id  co n cen tra tio n  th an  th e  
brom ide m ethod.
All th ree  h a lid e  m ethods are  su b jec t to  se rio u s  in te rfe ren ces from 
o ther platinum  group m etals and num erous o ther tra n s itio n  m e ta ls . The
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d ifficu lty  can  be e lim inated  by th e  prior sep ara tio n  of rhodium .
The ch ie f advan tages of th e  tin(II) iod ide  m ethod are  i ts  s e n s i­
t iv i ty ,  lack  of dependence on perch lo ric  ac id  for s ta b il i ty ,  and i ts  u se  
of ch eap er and more e a s ily  p repared  reag en ts  (hydrobromic ac id  must be 
re d is ti l le d  before u se  to  e lim inate  brom ine).
E. Spectrophotom etric D eterm ination  of Iridium  w ith  Tin(ll) Iodide 
Reagent
Kember and W ells  (9) w ere ab le  to  d e te c t 0 .1  ppm of iridium  at 
360 mji by the  tin(Il) ch lo ride  m ethod, but th e  in te n s ity  of co lor w as 
found to  vary  co n sid erab ly  w ith tim e and tem perature  ( lit t le  co lor d e ­
veloped  at room tem pera tu re). No method of a n a ly s is  w as found. A 
se rio u s  d ifficu lty  w as th e  very high abso rbancy  of th e  b lank a t 360 mju.
If the  tin (ll) ch lo ride  w ere d isso lv ed  in hydrobrom ic a c id , the  maximum 
absorbancy  sh ifted  to  402 mju and th e  so lu tio n  w as more s ta b le  and had 
a h igher ab so rb an cy . The data g iven  in d ic a te  th a t th e  m olar ab so rp ­
tiv ity  is  co n stan t in th e  middle of th e  absorbancy  v e rsu s  concen tra tion  
curve but d e c re a se s  a t both e n d s . W hen tin(II) brom ide w as u sed  in 
p lace  of tin(II) ch lo rid e , the  se n s it iv ity  w as in c re ased  by 10%, but the  
color w as le s s  s ta b le .
The above re su lts  sug g est th a t a s  th e  s iz e  of th e  halogen  anion 
in c re a se s  , th e  tin (Il) h a lid e  reaction  in c re a se s  in se n s it iv i ty  and 
s ta b il i ty . This co in c id es  w ith the  p o la rizab ility  seq u en ce  of th e  h a lid e s  
of in te re s t:  I~ > B r- > C l” . This se n s it iv ity  order w as e s ta b lish e d  for
the  tin(II) h a lid e  rea c tio n  w ith  rhodium (III). The tin fll)  iod ide  reac tio n  
th u s prom ised a more se n s itiv e  and s ta b le  a n a ly s is  of iridium  and a pro­
cedure s im ila r to  th e  rhodium -tin(Il) iod ide  m ethod w as d eve loped .
Recommended p ro ced u re . T ransfer th e  iridium  so lu tion  to  a 25 ml 
volum etric  f la s k . Add su ffic ien t hydrochloric  ac id  so  th a t th e  fina l so lu ­
tio n  w ill be  1.3N  in  HC1. Add 5 ml of 40% (W/V) po tassium  iod ide 
so lu tio n , m ix, and h e a t for 10 m inutes in  a bo iling  w a te r b a th . Cool to  
room tem pera tu re . P ipet 2 ml of th e  tin(II) ch lo ride  so lu tion  in to  the  
fla sk  and d ilu te  to  volum e w ith  d is til le d  w a te r . Tin(II) ch lo ride  so lu ­
tio n s  w ere prepared by d isso lv in g  1  pa rt by w eigh t of SnCl2 *2 H 2 0  in
1  part by volume of co n cen tra ted  hydrochloric  ac id  and d ilu ting  w ith
2 p arts  by volume of d is t il le d  w a te r . For a c id ity  c a lc u la t io n s , th is  
so lu tio n  w as co n sid ered  to  be  4N in  hydroch loric  a c id . Tin m etal w as 
p laced  in  th e  stock  so lu tio n . M ix and h e a t th e  unstoppered  f la sk s  for
3 m inutes in  a  bo iling  w a te r b a th . C ool im m ediately  to  room tem pera­
tu re  in  an  ic e  b a th . M easure  th e  absorbancy  of th e  so lu tion  a t 446 mp 
v e rsu s  a  b lank  p repared  id e n tic a lly  to  th e  sam ple excep t for th e  om is­
s io n  of irid ium . D eterm ine th e  iridium  co n cen tra tio n  from a standard  
cu rv e .
Effect of tem perature  on so lu tion  a b so rb an c y . The iridium  is  c o n ­
v erted  to  th e  iod ide com plex by 1 0  m inutes of hea ting  w ith po tassium  
iod ide  in  th e  bo iling  w a te r ba th  (Figure 13), Upon th e  add ition  of tin (Il) 
ch lo ride  so lu tio n  to  th e  h e x a io d o ir id ite , a yellow  to  brown co lo r d e ­
ve lops th a t a tta in s  a  maximum abso rbancy  a fte r 2  hours a t room
FIGURE
& 15
T i r r / e ^  t f i n t J + e s
. Effect of Time of H eating  in  the  C onversion  of H exa- 
ch lo ro irid ite  to  H exaiodo rid ite . 7 .7  ppm Ir U sed in  
the  T est Solu tions
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tem perature (Figure 14). The com plex ag rees in molar abso rp tiv ity  and 
s ta b ility  w ith  the  com plex developed in  the  boiling w ater b a th . The ab ­
sorbancy of a so lu tion  heatfed in  the  w ater bath  v a rie s  but l i t t le  w ith 
heating  periods of 1-5 m inutes (Figure 15) . The maximum and m ost repro­
ducib le  abso rbancy  is  ob tained  w ith 3 m inutes h e a tin g . H eating  w as 
chosen  to  speed  th e  a n a ly s e s . The abso rbancy  peak  is  a t 446 nyi (Figure 
16) and th e  so lu tion  is  s ta b le  for a t le a s t  24 hours if  kept in  th e  dark .
Effect of HC1 concen tra tion  on so lu tion  ab so rb an cy . The molar ab ­
so rp tiv ity  of the  iridium  com plex changes l i t t le  a s  th e  HC1 concen tra tion  
is  changed  from 1 to  2N (Figure 17). A p rec ip ita te  of Snl2  forms if  the  
HC1 concen tra tion  i s  below  IN; above 2N, the  m olar ab so rp tiv ity  of the  
so lu tion  d e c re a se s  s lo w ly . A so lu tion  1.3N  in  HC1 w as u sed  in  su b se ­
quent t e s t s ,
Effect of KI co n cen tra tio n  on so lu tion  ab so rb an cy . The molar 
ab so rp tiv ity  In itia lly  in c re a se s  ra ther rap id ly  w ith in c reas in g  KI concen­
tra tio n  (Figure 18), bu t reach es  a maximum before S n l2  beg ins to  p re c ip ita te .
Effect of SnClg concen tra tion  on so lu tion  ab so rb an cy . Solution a b -  
so rbanc ies in c re a se  only s lig h tly  w ith  in c reas in g  SnC l2  concen tra tion  
(Figure 19). The a b so rb a n c ie s , how ever, w ere more reproducib le  if only 
2  ml reag en t w as u s e d .
Effect of d iv e rse  io n s , s a l t s ,  and su lfuric  ac id  on so lu tion  
ab so rb an cy . The more common in te rfe ren ces  and in d ic a tio n s  of the  
ex ten t of th e ir  in te rfe ren ce  are g iven  in  Table VII. As in a ll  of th e  tin(Il) 
ha lide  m ethods, a sep a ra tio n  of iridium  from the platinum  and o ther 
tran s itio n  m etals i s  n e c e s sa ry . During th e  rea c tio n  period , a sm all 






FIGURE 14. V ariation of S o lu tion  A bsorbancy a t 446 rnji With Time of 
C olor D evelopm ent a t Room T em perature . 5 .8  ppm Ir 
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FIGURE 15. V ariation of So lu tion  A bsorbancy w ith  Time of H eating  in  a 
Boiling W ater Bath a fte r  th e  A ddition of Tin(Il) C h lo ride  
So lu tion  and D ilu tion  to  Volume. 7 .7  ppm Ir U sed  in  th e  
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FIGURE 16. A bsorbancy C urve of Iridium -T in(II) Iod ide  S o lu tion  
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FIGURE 17. V ariation of So lu tion  A bsorbancy a t 446 mji w ith  C oncen ­
tra tio n  of H ydrochloric  A cid . 5 .5 ppm Ir U sed  in  T est 
S o lu tions
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FIGURE 18. Effect of Amount of KI U sed  on Solution Absorbancy a t 
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FIGURE 19 . Effect of Amount of S n C ^  Used on Solution A bsorbancy a t 
446 mp. 5 .5  ppm Ir U sed  in the  T est Solu tions
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TABLE VII. The C oncen tra tion  of In te rfe ren ces  N e ce ssa ry  to  G ive a 1% 
Variation in  Sam ple A bsorbancy for a Sam ple Solution 
C ontain ing  4 .8  ppm Ir(III)
In terference
C oncen tra tion  
in  ppm
D irection  
of change
Rh a s  RhCl3 0 . 0 2 +
Pt a s  P tC l2 0 .09 +
Pd a s  PdC l2 -------- p p t. forms
Sn a s  SnCl^. 70 +
Co a s  CoCl £ 13 +
Fe a s  FeClg 13 +
Sb a s  SbC l3 0 . 2 +
Ni a s  N iC l2 46 +
C u a s  CuClg 23 +
Ti a s  T1 C 1 4 4 -
NagSO^ 4 .0  x  104 -
NcvPl 1 . 2  x  1 0 4 +
h 1 . 8  x  1 0 3 +
C r as C rC l3 27 +
h 2 s o 4 4 .9  x  103 —
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in fluence  th e  a n a ly s e s .
Optimum working ra n g e . The Ringbom (13) plot (Figure 20) show s 
th e  working range to  be  from 0 .8  to  11.7  ppm Ir . The sy stem  does not 
obey B eer's law , but is  rep roduc ib le .
P rec is io n  of m ethod . Six sam ples con ta in ing  4 .9  ppm Ir(III) showed 
an  average dev ia tio n  of 0.9% and a standard  dev ia tion  of 1 .1% . Another 
group of 6  sam ples con ta in ing  6 .4  ppm :if:(IIl) show ed an average  d ev ia tion  
of 0.9% and a standard  dev ia tion  of 1 .2% .
The m olar ab so rp tiv ity  of th e  tin (Il) brom ide com plex of iridium  is 
about th ree  tim es g rea te r than  th a t for th e  tin (Il) iod ide  com plex . W ork­
ing ranges a re  0 .5 - 3 .0  ppm and 0 .8 -1 1 .7  ppm , re sp e c tiv e ly . The tw o 
methods g iv e  sim ila r cu rves th a t fa il to  follow  B eer's  law ; standard  and 
average  d ev ia tio n s are  a lso  s im ila r, 1.2% and 0.9% , re s p e c tiv e ly .
Some advan tages of th e  tin(II) io d ide  method are le s s  se n s itiv ity  to  th e  
m atrix  a c id , th e  heating  period for co lo r developm ent, and su lfu ric  a c id . 
The com plex w ith  tin (Il) brom ide a lso  show ed a sm all in c re a se  in  ab ­
sorbancy during the  f irs t  2  hours a fte r developm ent, but th e  major a d ­
van tage  of th e  tin (ll) iod ide  m ethod i s  th e  u se  of po tassium  iodide and 
hydrochloric ac id  in s te a d  of hydrobrom ic a c id , w hich requ ires re d is t i l la ­
tio n  and forms a  more u n stab le  reag en t w ith tin(II) ch lo ride  than  does 
hydrochloric a c id .
The tin(II) iod ide  method proved im prac tica l for the  sim ultaneous 
a n a ly s is  of rhodium and iridium  b e c a u se  of th e  v a ria tio n  of molar a b ­
so rp tiv ity  of th e  iridium  com plex w ith  co n cen tra tio n .
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FIGURE 20 . Ringbom Plot of Iridium -Tin(Il) Iodide Com plex D eterm ined 
at 446 nyj
The tin(II) h a lid e  re a c tio n s  w ere  ex p ec ted  to  form tw o hom ologous 
s e r ie s  w ith  rhodium  and irid ium  of in c re a s in g  s ta b il i ty  and  s e n s i t iv i ty .  
Maximum ab so rb an cy  p eak s  a ls o  w ere  e x p ec ted  to  sh ift tow ard  longer 
w ave len g th s  in  going from ch lo rid e  to  iod ide  c o m p le x e s . The rea c tio n  
w ith  rhodium  show ed th e  ex p ec ted  in c re a s e  in  s e n s i t iv i ty  bu t th e  ab ­
so rbancy  p eak s  occu rred  a t 475 mp, 429 mp, and 460 mp, in  going  from 
ch lo ride  to  io d id e  re a g e n t. All 3 so lu tio n s  w ere  s ta b le  over long 
periods o f tim e if  o x id a tio n  by lig h t w as  a v o id e d . W ith  irid iu m , th e  
s e n s i t iv i t ie s  a re  o f th e  order: Br“ >  C l- >  I“ ; th e  s ta b i l i t ie s  a re  o f th e  
order: I“> B r “> C l - , ag a in  if  o x id a tio n  by  lig h t is  av o id e d . A bsorbancy 
p eak s a re  a t 360 mp for C l” , 402 mp for Br , and  446 mp for I » The 
rea c tio n  of th e  tin(II) h a lid e  re a g e n ts  w ith  p latinum (Il) fu rther In d ic a te s  
th e  fa ilu re  o f th e  t in (n )  h a lid e s  to  form hom ologous s e r ie s  o f com plexes 
w ith  p latinum  group m e ta ls . The tin (II) ch lo ride  com plex h a s  a maximum 
ab so rb an cy  a t 403 mp and a m olar ab so rp tiv ity  of 1 .5  x  10^, th e  tin (Il) 
brom ide com plex  h a s  a maximum abso rbancy  a t  463 mp and a m olar a b -  
so rp tiv ity  of 9 .3  x  10 , bu t no ab so rb an cy  maximum w a s  o b ta in ab le  
w ith  th e  tin (Il) io d id e  com plex  w hich  rap id ly  in c re a s e s  in  m olar 
a b so rp tiv ity  a s  th e  w ave len g th  i s  d e c re a se d  below  385 mp. An ex ­
p lan a tio n  of th e  anom alies  o f th e  s e r ie s  m ust aw ait th e  dete rm ina tion  
of th e  s tru c tu re  and m echanism  of re a c tio n  of th e  co m p lex es .
CHAPTER III
ELECTRODIALYTIC AND STRUCTURAL STUDIES OF THE THIOUREA 
COMPLEXES OF RHODIUM AND IRIDIUM
The sep ara tio n  of rhodium and irid ium  is  a m ajor problem  in  th e  r e ­
fin ing of th e  platinum  group m e ta ls . H ydrolytic sep a ra tio n  may be u sed  
bu t th e  g e la tin o u s  p re c ip ita te s  are  d ifficu lt to  f i l te r  (19, 20). A lead  
a lloy  of iridium  and rhodium is  u sua lly  m ade the  b a s is  of re fine ry  se p a ra ­
tio n s  . Treatm ent of th e  a llo y  w ith n itric  a c id , th en  w ith ho t su lfuric  
a c id , d is so lv e s  th e  rhodium , leav ing  th e  iridium  a s  an  in so lu b le  r e s id u e .
Berg and Senn (21) sep ara ted  th e  th iou rea  com plexes of iridium  and 
rhodium on a ca tio n  exchange re s in  colum n. The sep ara tio n  w as in te r ­
preted  a s  th e  re su lt o f rhodium forming a ca tio n ic  com plex and iridium  
foirming an  an ion ic  com plex . This su g g ested  th a t th e  sam e sep ara tio n  
could  be e ffec ted  by using  ion  exchange m em branes in  an e le c tro d ia ly ze r 
(22). Such a p repara tive  procedure w ould be sim pler and ch ea p e r than  
th e  curren tly  u sed  m ethods. An effort w a s  made to  develop  an  e le c tro -  
d ia ly tic  se p a ra tio n  and to  determ ine th e  stru c tu re  of th e  th iou rea  
co m p lex es .
I .  Equipment and  R eagents
RI1 C I3  and IrC l3  w ere purchased  from A. D . M ackay Com pany.
IrC l4  w as ob ta ined  by su c c e ss iv e ly  evaporating  th e  trich lo rid e  in  n itr ic , 
th en  hydrochloric  a c id .
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Brucine N -benzy l ch lo ride  w as made by hea ting  a  benzene so lu tion  
of brucine and benzy l ch lo rid e . The p rec ip ita te d  s a l t  w as re c ry s ta lliz e d  
from w a te r.
Dow ex-1 an ion  exchange re s in  and D ow ex-50 ca tio n  exchange re s in  
w ere purchased  from Dow C hem ical Com pany.
N alfilm -1 i s  an  anion ex c lu sio n  membrane con ta in ing  su lfon ic  ac id  
groups and perm its th e  p a ssa g e  of c a t io n s . N alfilm -2 i s  a c a tio n  e x ­
c lu s io n  membrane th a t perm its th e  e le c tr ic a l m igration of an ions through 
i t .  The fixed  p h ase  co n ta in s  quaternary  ammonium g ro u p s. T hese mem­
branes w ere  ob tained  from N ational A lum inate C orporation .
All o ther reag en ts  w ere of a n a ly tic a l g rad e .
The in fra -red  sp ec tra  w ere  recorded  w ith a Beckman IR-7 in fra -red  
spectropho tom eter.
The e le c tro d ia ly s is  c e ll  is  shown in  Figpre 21 . "O" rings w ere  
used  to  o b ta in  a w atertigh t s e a l  be tw een  th e  com partm en ts. The mem­
branes w ere  cut to  f it  ju s t  in s id e  th e  "O" rings and w ere held  in  p lac e  
by the  p re ssu re  on them  from adjoining com partm ents. The th ree  com ­
partm ents w ere c irc u la r , 3 in ch es  in  d iam eter and 1 inch  th ic k . The end 
p la te s  w ere  se a le d  to  th e  end com partm ents and w ere  made from p le x i-  
g la s ,  a s  w ere th e  c en te r  com partm ents.
I I . Experim ental
A so lu tion  of th e  iridium  th iou rea  com plexes w as prepared  a c ­
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FIGURE 21. Drawing of th e  E lec tro d ia ly s is  C e ll
0 .3 N  HC1 w a s  added 1 gm of th io u re a . The so lu tio n  w as h e a te d  for 1 
hour on th e  steam  bath* The volum e w as m ain ta ined  c o n s ta n t w ith  0 .3 N  
HC1 and sm all am ounts of th io u rea  w ere  p e r io d ic a lly  ad d ed . During th e  
re a c tio n  a po rtion  of th e  iridium  p re c ip ita te d ; th is  w a s  la te r  found to  be  
approx im ate ly  / \ v  T h io u re ^ g ^ /I rC ls . . /7. A s im ila r p re c ip ita te  w a s  o b ­
ta in e d  in  a lm ost every  re a c tio n  o f th io u re a  and ir id iu m , L ebedensk ii 
and  co -w o rk ers  (23) in  th e ir  p a p e r  on th e  s y n th e s is  of th io u rea  com ­
p le x e s  repo rted  th e  s y n th e s is  o f a  n eu tra l com plex  under s im ila r co n d i­
tio n s ; th is  "n eu tra l"  com plex / / l x  T hloureagC ls^y7, i s  b e lie v e d  to  hav e
t
b e e n  th e  above s a l t .  A fter f i l t ra t io n , a  sm a ll am ount of th e  irid ium  com ­
p le x  in  th e  f i ltra te  w a s  adsorbed  by  D ow ex-1 r e s in .  Brucine N -b en zy l 
ch lo rid e  p re c ip ita te d  a  portion  o f th e  irid ium  co m p lex , y ie ld in g  fu rther 
ev id en ce  of th e  p re se n c e  of a n io n ic  com plexes in  th e  so lu tio n . Part of 
th e  th io u re a  com plexes w as adso rbed  by D o w ex -5 0 , pa rt w a s  adso rbed  
by n e ith e r  D ow ex-50 nor Dowex-1! ,  w h ich  proved th a t  c a tio n ic  and 
n e u tra l com plexes w ere  in  th e  so lu tio n .
T hese  experim en ts show ed th a t an  equ ilib rium  m ixture o f c h lo rid e ,
th io u re a  and com plexes of irid ium  is  fo rm ed. C h an g es in  co n cen tra tio n  
SIt
of HC1, H 2 N -C  -N H 2  , and N aC l did not re s u l t  in  th e  form ation of only  
one sp e c ie s  of th e  c o m p le x e s .
O nce th e  equilib rium  w a s  e s ta b l is h e d , one s p e c ie s  cou ld  be  r e ­
m oved and th e  re su ltin g  m e ta s ta b le  so lu tio n  show ed no ten d en cy  to  
rev e rt to  an  equ ilib rium  co n d itio n  ex cep t upon h e a t in g .
It w as a lso  o b se rv ed  th a t iridium(IV) w a s  red u ced  to  iridium (IIl)
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prior to  com p lexa tion .
Rhodium(III) formed c a tio n ic  com plexes if  a  la rg e  e x c e ss  of 
th iou rea  w ere  used  in  th e  re a c tio n .
The behav io r of th e  rhodium  and th io u rea  com plexes in  th e  e le c tro ­
d ia ly s is  c e ll  w as s tu d ied  n e x t. Fifty mg of RhCl3  in  120 ml 0 .3N  HC1 
w as h ea ted  w ith  1 g of th io u rea  on th e  steam  bath  for 1 hour. The so lu ­
tio n  w as th en  tran sfe rred  to  th e  cen te r com partm ent of th e  c e l l .  The 
anode and cathode com partm ents con ta ined  120 ml 0 .3N  HC1. E lectro l­
y s is  w as begun u sin g  a b a tte ry  charger a s  so u rc e . In itia lly /  th e  
current w as 9 am peres a t 10 v o l ts .  The am perage d ec rea sed  w ith  tim e , 
th e  vo ltage  in c re a se d . After 30 m inutes th e  rhodium com plex had  com ­
p le te ly  m igrated to  th e  ca thode  com partm ent and th e  curren t m eter read  
0 am p eres . Under s im ila r experim ental c o n d itio n s , th e  com plexes of 
iridium  w ere  found in  th e  an o d e , c a th o d e , and neu tra l com partm ents.
Hydrobromic ac id  w as su b s titu ted  for hydrochloric  a c id , but th is  
di<  ^ not s ig n ifican tly  in c re a se  th e  re la tiv e  proportions of an ion ic  and 
neu tra l com plexes of irid ium . The e ffec t of sh o rte r hea ting  periods and 
com plex form ation a t room tem perature  w as s tu d ie d . A reac tio n  period  
of 3 m inutes on th e  steam  ba th  w as adequa te  and th e  ra te s  of reac tio n  
of iridium  and rhodium w ere not su ffic ien tly  d ifferen t to  form a b a s is  
for s e le c tiv e ly  ob tain ing  c a tio n ic  com plexes .of rhodium in  th e  p resen ce  
of an ion ic  and neu tra l com plexes of irid ium .
The p o ss ib ility  rem ained th a t by a very  carefu l con tro l of th e  ra tio  
of m etal ion  to  th iou rea  one cou ld  o b ta in  rhodium  in  th e  ca tio n ic  form
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and iridium  in  an ion ic  and neu tra l fo rm s. To 5 mg rhodium (IIl) in  5 0 ml of
0 .3N  HC1 w as added  th e  th e o re tic a l amount of th io u re a  to  form 
/R h  T h io u re a g _ /b l 3 . In a seco n d  so lu tio n  a  25% e x c e s s  o f th is  am ount 
w as ad d ed . The so lu tio n s  w ere  h ea ted  for 1 hour in  a  bo iling  w a te r b a th  
and a liq u o ts  w ere  p a s s e d  through  a colum n of D ow ex-50 in  th e  hydrogen 
form . A nalysis of th e  ra ff in a te s  by th e  tin (II) brom ide procedure  show ed 
43% .and 41%, re s p e c tiv e ly , o f th e  rhodium  in  th e  so lu tio n s  w as not a d ­
so rb ed . A s im ila r experim ent w ith  a  m olar ra tio  of 1:3 of irid ium  to  
th io u rea  show ed th a t 2 2 % of th e  irid ium  w a s  not ad so rb ed  or d id  not 
p re c ip ita te . This m eans th a t  a  la rg e  e x c e s s  of th io u rea  i s  needed  to  
com plete ly  convert th e  rhodium  to  th e  c a tio n ic  com plex  and th a t under 
such  co n d itio n s a la rg e  p e rcen tag e  of th e  irid ium  w ould  be in  c a tio n ic  
form . It w as th ere fo re  concluded  th a t th e  p roposed  e le c tro d ia ly tic  
se p a ra tio n  of rhodium  and iridium  is  not f e a s ib le .  The ev id en ce  a lso  
in d ic a te s  th a t th e  re s in  colum n se p a ra tio n  upon w hich  th is  w ork w as 
b a se d  depended  upon th e  w ash ing  of th e  colum n w ith  3N hydrochloric  
ac id  to  se le c tiv e ly  e lu te  th e  c a tio n ic  frac tio n  of th e  irid ium  co m p lex es, 
leav in g  th e  rhodium  on th e  co lum n.
The na tu re  of th e  bonding in  th e  th io u re a  com plexes w as of in te r­
e s t  and some com plexes w ere  p repared  acco rd ing  to  th e  p rocedu res of 
L ebedensk ii and co -w orkers  (23, 24). T hese w orkers d e sc rib e d  th e  re ­
a c tio n s  a s  cap ric io u s ; a  more app rop ria te  term  is  not know n. They 
repo rted  sy n th e s is  of m o lecu les co n ta in in g  3 , 4 , 5 , and  6  th io u rea  
lig a n d s  and w arned  of th e  d ifficu lty  in  rep ea tin g  th e ir  w ork . The
so -c a l le d  n e u tra l com pounds, ^ Ir  T h iourea 3  C l 3 _ 7  and  T hlourea 3  
undoubted ly  a re  th e  s a l ts  / j x  T h io u re a g ^ /T rC lg _ 7  and /K h  T h lo u re ag _ /^ h C lg _ 7 / 
a lthough  th e re  may b e  som e exchange  of ch lo rid e  and th io u rea  lig a n d s  in  
th e  an ions and c a t io n s . The com plexes a re  rea d ily  formed; th e  irid ium  
com plex  i s  s ta b le  but co n tinued  h e a tin g  of th e  re a c tio n  so lu tio n  co n v erts  
th e  rhodium com pound to  h igher com plexes of th io u re a . T hese and mixed 
R h-Ir com plexes are  in s ta n tly  p re c ip ita te d  if  so lu tio n s  of th e  h ex ac h lo rid es  
a re  added  to  so lu tio n s  of th e  c a tio n ic  th io u rea  co m p lex es . The irid ium  
com plex  i s  d iff ic u ltly  so lu b le  in  w ater; p a rt of th e  com plex  in  so lu tio n  is  
ad so rbed  by c a tio n ic  and part by a n io n ic  r e s in s .  A n a ly sis  o f th e  iridium  
com plex  gav e  40.8%  I r ,  2.4%  H , 9.0%  N , 11.6% S , 5.2%  C , and 
23.6%  Cl; th e  th e o re tic a l  i s  36.6%  I r , 2.3%  H , 15.9% N , 18.3% S ,
6 , 8 % C , and 20.2%  C l .
,/Ir T h ia ra reag ^ C lg  w as rea d ily  m ade in  good y ie ld  (15%). The 
th e o re tic a l  a n a ly s is  i s  25.5%  I r ,  25.4%  S , 9.5%  C , 22.2%  N , 3.2%  H;
24.2%  Ir , 22.7%  S, 9.5%  C , 20.5%  N , 3.2%  H w as found . Only one 
rhodium  com pound w a s  i s o la te d .  It an a ly zed  a s  18.5%  Rh, 2.9%  H ,
23.8%  S , 18,4%  N , 8 . 6 % C . This co rresp o n d s very  poorly  w ith  th e  
th e o re tic a l  a n a ly s is  of ,/Kh T hiourea 4  C l 2 _ 7 c i .  The obv ious lac k  of 
pu rity  of th e  com pounds, even  a fte r  th re e  re c ry s ta l l iz a tio n s  a s  in  th e  
c a s e  of / J r  Thioureag_7C lg fu rth er show s th e  com plex ity  of th e  r e a c t io n s .
A num ber of a ttem p ts  to  p repare  o th er com plexes in  th e  s e r ie s  w ere 
u n s u c c e s s fu l.
Yam aguchi and co -w o rk ers  (25) p repared  th io u rea  com plexes o f
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platinum  and pallad ium  and concluded  from th e  In fra -red  sp ec tra  of th e  
com pounds th a t su lfu r to  m etal bonds w ere  form ed. Their co n c lu sio n s  
w ere  b a se d  on th e  changes in  th e  c a lc u la te d  and observed  normal v ib ra ­
tio n s  of th e  th iou rea  m o lecu le . It i s  not c le a r  w hether th e  pub lished  
sp ec tra  w ere  made w ith  KBr d is c s  or w ith  Nujol m u lls . The ch a rac te r 
of th e  sp ec tra  in d ic a te s  th e  la t te r .  A s ig n ifican t d ifference  in  the  sp ec tra  
of th iou rea  and th e  m etal com plexes w a s  found in  th e  1 1 0 0  cm * reg io n . 
This w as in te rp re ted  a s  due to  a  d e c re a se  in  th e  C=S stre tch ing  frequency 
and an  in c re a se  in  th e  N -C -N  stre tch in g  frequency . Bellamy (26) a lso  
a s s ig n s  C=S v ib ra tio n s  to  th is  ran g e . Bonding of th e  S atom  to  th e  heavy  
m etal atom  w ould be  ex p ec ted  to  d e c re a se  the  in te n s ity  of v ib ra tio n s , 
due to  th e  m ass e ffe c t. The iridium  and rhodium com plexes (Figure 22) 
a ls o  show d e c rea se d  ab so rb an c ies  in  th is  reg io n . The o ther im portant 
abso rbancy  change pccurred  in  th e  700 cm - * reg io n . The low ering of 
frequency  is  more pronounced w ith  rhodium  th an  w ith  Iridium  and is  a t ­
trib u ted  to  a la rg e r reduced  double bond c h a rac te r of C=S w ith  rhodium 
th an  w ith irid ium . This probably  acco u n ts  for th e  more fa c ile  e lu tion  of 
iridium  com plexes on c a tio n ic  re s in s  w ith  hydrochloric  a c id .
The s im ila r itie s  among th e  sp ec tra  of th e  com plexes of irid iu m , 
rhodium , p la tin u m , and pallad ium  in d ic a te  a common point of bo n d in g . 
This appears to  be th e  su lfu r atom  of th io u re a . The s ta b ility  of th e  ab ­
sorbancy maxima at 1612'cm - * due to  th e  C=N group in d ic a te s  th a t the  
reso n an ce  sp e c ie s  w hich re a c ts  w ith th e  m etal ion  is  K ^N -C ^S / ra th e r
w  _
th a n  H 2 N -C -S  . The form er w ould be  p re sen t in  so lid  th iou rea  a s  a
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FIGURE 22. Infra-Red Spectra of T hiourea, /Xx Thioureag_7cig / and /R h Thiourea^ C ^ J T b l  in  Nujol
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reso n an ce  hybrid but the  la t te r  w ould not b e ,  and su ch  a  ch an g e , from 
th e  n eu tra l to  th e  an ion ic  form , in  th e  p o la rity  of th e  C=N group should  
have a lte red  th e  v ib ra tion  frequency . As th io u rea  p ro g ress iv e ly  rep la ce s  
ch lo ride  in  the  ch lo ride  com plexes of iridium  and rhodium , th e  charge 
on th e  ion changes from neg a tiv e  to  p o s it iv e . This a lso  in d ic a te s  th a t 
rep lacem ent is  by a neu tra l lig an d  ra th e r th an  by an  a n io n .
The experim ental ev idence  therefo re  show s th a t iridium  and rhodium 
in  a  so lu tio n  of th iou rea  and hydroch loric  ac id  form equilibrium  m ixtures 
of com plexes con ta in ing  0-6  ch lo ride  lig an d s  p lus (6 minus th e  number 
of ch lo ride  ligands) of th iou rea  m olecu les and th e  coord ination  bond is  
be tw een  su lfu r and th e  m etal io n .
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